Objective: The objective of this study was to examine whether reduced awareness of memory deficits in individuals with dementia is associated with more frequent need for Medicare home health care services.
A s of 2017, an estimated 5.5 million Americans have Alzheimer disease (AD), the leading cause of dementia. Demand for medical care increases significantly in the context of dementia, 1 even before dementia incidence. 2 The aggregate cost of care for patients with AD and other dementias totals an estimated $259 billion, half of which will be paid through Medicare. 3 However, dementia is a highly heterogeneous condition, and symptoms can differ quite drastically from one patient to the next. Identifying the aspects of dementia that are associated with Medicare utilization is important for refining our understanding of how and why dementia affects health care use, and for developing accurate models of health care planning in dementia.
A critical feature of mild to moderate dementia particularly likely to affect health care use, and need for a home health aide specifically, is the extent to which the patient is aware of his or her cognitive and functional deficits. Reduced awareness is a frequent but not universal symptom of mild to moderate dementia 4, 5 present in approximately 50% of participants in these stages of the illness. 6 In comparison to individuals with dementia who are aware of their cognitive and functional limitations, individuals with reduced awareness have shown poorer treatment adherence, 7 decreased decisionmaking capacity surrounding medication management 6 and driving, 8 and increased engagement in risky or dangerous behaviors. 9 Such behaviors are likely to lead to a greater need for formal home health aides to adequately care for these patients in the home. Moreover, disordered awareness is strongly linked to caregiver burden and distress 10, 11 even in the Mild Cognitive Impairment (MCI) stage of disease, 12 further increasing the likelihood that families may seek help for such patients in comparison with those who are more aware of their cognitive and functional limitations. In addition, a recent study from Barcelona, Spain suggests that anosognosia in Alzheimer disease has been linked to increased use of informal care, which has been suggested to increase the financial burden of the disease. 13 The eligibility criteria for the Medicare home health benefit are that the patient is confined to the home, and in need of skilled services. 14 According to the Medicare Learning Network, 15 a patient with dementia meets these criteria if they require the assistance of another person in leaving their place of residence. The home health benefit covers skilled nursing and home health aide services, which provide skilled medical services such as medication administration and management, as well as personal care such as supervision, bathing, dressing, and using the restroom. The benefit also may include medical social services, such as counseling regarding an illness, and skilled therapy services and medical equipment. In the mild to moderate stages of dementia, disordered awareness of cognitive impairment has clear implications for supervision need, but has not yet been considered in models of health care utilization, in part because it is not always measured, and is not available through Medicare claims data. 16 demonstrated that increased home health care utilization among individuals with dementia, as reported by the caregiver, was associated with the patient being female, having depressive symptoms, and not living with a spouse. Scherer et al 17 found that patients' dependence level predicted home health aide use, and in particular three specific items of the Dependence Scale (needing household chores done for oneself, needing to be watched or kept company when awake, and needing to be escorted when outside). Along with awareness, we therefore examined the potential role of these various factors as well as other patient characteristics and elements of the disease that may increase need for home health (ie, medical comorbidities, overall dementia severity, global cognition, and specific cognitive symptoms). This study integrates Medicare claims data with the comprehensive clinical characterization of patients done as part of the Predictors Study to examine for the first time the extent to which disordered awareness has an independent association with home health use above and beyond these other characteristics of the patient and his or her clinical presentation.
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METHODS
Sample
Data were drawn from the Predictors II cohort, a 10-year longitudinal study following participants with Probable AD and Dementia with Lewy Bodies (DLB). 18, 19 Approval was received by an ethical standards committee under the Columbia Institutional Review Board, and written consent was obtained from all participants or the guardians of the participants. Participants met DSM III-R criteria for primary degenerative dementia of the Alzheimer type and NINDS-ADRDA criteria for probable AD. 20 DLB cases were diagnosed using 1996 consensus guidelines for DLB. 21 Upon enrollment, all participants had a modified Mini-Mental State examination (mMMSE) score of ≥ 30, approximately equivalent to a score of 16 on the Folstein Mini-Mental State Examination (MMSE). 22, 23 Exclusion criteria were stroke, alcoholism, schizophrenia, schizoaffective disorder, and electroconvulsive treatments.
Participants were recruited between 1997 and 2007 from Columbia University Medical Center, Johns Hopkins School of Medicine, and the Massachusetts General Hospital. Data was obtained by selecting the first study visit in which Medicare data was available. The total number of participants in the predictors II cohort was 238, but our analyses were limited to only the 192 participants who possessed full data for all covariates in our final model.
Measures
Awareness
As part of a separate questionnaire developed for the Predictors study, participants and caregivers answered questions in which they endorsed the presence (1) or absence (0) of 4 specific cognitive difficulties in the preceding 2 weeks. Two of these capture hallmark symptoms of Alzheimer-type dementia: 24, 25 (1) "Do you repeat the same question over and over again?" and (2) "Do you have trouble finding the right word when speaking?" Participants' responses to these 2 items were summed, as were caregivers' responses regarding participants' abilities. A discrepancy score was calculated by subtracting the caregiver's score from the participant score, which yielded values that ranged from −2.0 to 2.0. More negative scores indicate reduced participant awareness of symptoms, and a score of 0 suggests no discrepancy between participant and caregiver report. Positive scores indicate participant over-endorsement of symptoms as compared to caregivers.
Cognition
The modified Mini Mental State Exam (mMMSE) was used to measure global cognition. Verbal memory was assessed with the Hopkins Verbal Learning Test (HVLT), 26 a 12-word, 3-trial list learning task. Delayed recall was tested 20 to 30 minutes after initial recall trials. The outcome measure was the percentage of words retained at delayed recall (% retention). Word retrieval was assessed with 2 separate scores including: (1) the Boston Naming Test 27 and (2) performance on phonemic and semantic fluency tests in which participants had 60 seconds to name words that begin with a specific letter (C, F, or L) or that belong to a specified semantic category 28 respectively. A verbal fluency index was created by combining phonemic and semantic fluency.
Depression
Participants completed the Brief Symptom Inventory 29 for depression, comprising 7 questions asking if the participant felt lonely, blue, hopeless, worthless, easily hurt, had no interest in doing things, and/or was considering ending their life. Participants could respond with "Not at all" (1), "A little bit" (2), "Moderately" (3), "Quite a bit" (4), and "Extremely" (5), producing a range of 7 to 35 for the entire measure, with higher score indicating higher depressive symptoms.
Medical Comorbidities
The Charlson Comorbidity Index 30 was used to assess medical comorbidities that may affect utilization of Medicare benefits. Comorbidities were measured at each study visit, and included myocardial infarction, congestive heart failure, peripheral vascular disease, hypertension, chronic obstructive pulmonary disease, gastrointestinal diseases, liver disease, arthritis, diabetes, chronic renal disease, and systemic malignancy. For this study, comorbidities were taken from the first visit for which Medicare data was available. All items received weights of one, with the exception of chronic renal disease and systemic malignancy, which received a weight of 2. Charlson scores were trichotomized at each visit and averaged across all available visits to capture overall level of co-morbid disease while followed during the study. The score ranges from 0 to 2, with higher scores indicating heavier comorbidity burden.
Dementia Severity
The Clinical Dementia Rating (CDR) Scale 31 is a 5-point measure used to stage dementia that summarizes functional ability across six domains of functioning: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. Dementia severity in our sample ranged from very mild (0.5) to mild (1) to moderate (2) . Dementia subtype was coded as probable AD or DLB.
Home Health Use from Medicare Data
Medicare utilization data from the participant's first visit year were obtained from Medicare Standard Analytic files through the Centers for Medicare and Medicaid Services. The primary outcome of interest was home health use, which was derived from home health claims by skillednursing care, home health aides, physical therapy, occupational therapy, speech therapy, and medical social services.
Analysis
Annual Medicare usage data were aligned with clinical data from the Predictors II study according to the visit year. A Spearman's correlation was conducted to examine the validity of caregivers reports against objective memory performance. Cross-sectional analyses were conducted for each participant at the earliest instance in which both Medicare and awareness data were available for each participant. Spearman correlations (ρ) were used to compare predictors of awareness and Medicare use. A 1-way ANOVA was used to examine mean awareness level as a function of home health benefit use (yes/no). An adjusted logistic regression was used to examine the extent to which awareness predicted home health use, controlling for relevant covariates including gender, education, medical comorbidities, age, diagnosis subtype, mMMSE, Clinical Dementia Rating, and caregiver relationship. Finally, in order to identify the most useful awareness score for predicting who did and did not use home health aides, we conducted ROC curve analyses.
RESULTS
Descriptive statistics can be found in Table 1 . Participants were clinically diagnosed with Probable AD (89.1%) or DLB (10.9%). 56.0% were female and 92.7% identified as white. The average age was 78.2 (SD = 6.8) and average years of education were 14.46 (SD = 2.93).
Caregivers tended to be the spouses (50.5%) or children (38.5%) of the participants, rather than friends or other relatives (10.9%). In total, 63.9% of participants lived with their caregiver. Caregivers who lived with the participant were more likely to be their spouses (77.9%) than their children (14.8%) or other relatives, friends, and siblings (7.4%) [χ 2 (2, N = 191) = 101.452; P < 0.001]. Participants who did not live with their caregivers primarily lived alone at home (68.1%), rather than at a nursing home (18.8%), assisted living facility (7.2%), retirement home (4.3%) or other (1.4%).
The mean awareness score for the sample was −0.369 (SD = 0.852), which was significantly different from 0 [t(191) = −6.012; P < 0.001; d = −0.435], indicating that on average, participants significantly underreported their difficulties as compared to their caregivers. Caregiver reports were significantly associated with objective memory performance as measured by the HVLT [ρ = −0.185; P = 0.016; d = 0.386]. (1, N = 192) = 5.088; P = 0.024]. In contrast, home health benefit was not associated with gender (P = 0.551), education (P = 0.374), or depression (P = 0.972).
Correlates of Awareness
Correlates of Home Health Use
Certain caregiver variables, such as caregiver relationship were also associated with home health use. Specifically, participants who used the home health benefit were more A logistic regression was performed to examine the extent to which level of awareness had an independent association with use of the home health benefit, above and beyond relevant variables including: age, medical comorbidities, global cognition, dementia severity, dementia subtype, gender, education, and relationship of caregiver to participant. Because depression was not associated with home health use, it was omitted from the final model. The model was statistically significant, [χ 2 (10) = 27.576; P = 0.002], correctly classified 90.7% of cases, and explained 27.4% (Nagelkerke R 2 ) of the variance in the use of home health services. Wald tests demonstrated that awareness (β = −0.853, P = 0.020), dementia severity (β = −1.638; P = 0.039), and having the child of the participant as the caregiver (β = 1.631, P = 0.029) were the only significant contributors to the model. A hierarchical model comparison was made between a model including all the variables, and a second model that omitted awareness. Awareness significantly improved the model [χ 2 (1) = 6.082; P = 0.014], and its inclusion accounted for 5.7% (Nagelkerke R 2 ) of the total variance. Figure 1 depicts marginal model predictions of awareness on home health use stratified by caregiver relationship and dementia severity ( Table 2 ). The correlations among predictors were assessed, correcting for multiple comparisons using the Holm-Bonferroni step-down procedure. 32 Results suggest that none of the correlations between coefficients were sufficiently large to merit serious concern regarding multicollinearity. Further details can be found in the supplementary materials (Supplemental Digital Content 1, http://links.lww.com/CLINSPINE/A75). In addition, we conducted ROC curve analyses to explore whether the awareness metric could significantly distinguish between the 2 groups (used home health/did not use home health) above chance, and found that it did (AUC = 0.657; SE = 0.056; P = 0.02; 95% CI = 0.548 to 0.766). Using Youden's index, we found that the threshold of an awareness score <−1 demonstrated the best balance of sensitivity and specificity, suggesting that awareness discrepancy scores at or below −1 significantly predict home health use.
DISCUSSION
The purpose of this study was to examine the extent to which awareness of memory deficits is associated with Medicare home health use, and to determine if awareness adds unique information above and beyond other predictors of this Medicare service. Our results supported the hypothesis that reduced awareness was associated with higher probability of Medicare home health care use, even after controlling for age, gender, education, dementia severity and subtype, medical comorbidities and caregiver relationship. This is the first study to demonstrate the relevance of reduced awareness for health care utilization, and has implications for modeling the cost of dementia as well as educating families and caregivers.
In addition to its association with home health use, we observed that reduced awareness was associated with lower levels of depressive symptoms, consistent with most previous studies. 33 In addition, reduced awareness was associated with lower global cognition, but not with disease severity or any of the specific aspects of cognition assessed including memory, executive function or language abilities. Although awareness would be expected to relate to disease severity over the course of the entire disease spectrum, the lack of association between awareness and CDR in the current and other studies of mild to moderate disease is consistent with the idea that disordered awareness is not simply a marker for more severe disease or specific cognitive dysfunction. 34 Indeed, some proposals suggest that unawareness might reflect compromise to one or more cognitive processes specific to self-evaluation (ie, metacognition). 34 Awareness was also not associated with the measured caregiving variables, suggesting that the caregiverbased awareness discrepancy score operated in a similar way across caregivers regardless of their relationship to the patient, or whether they lived with the patient. Taken together, findings from the regression as well as the bivariate analyses support the idea that disordered self-awareness is an important phenotype in its own right, and should thus be considered explicitly in patient care, caregiver education, and models of health care utilization.
The exact mechanisms by which awareness is linked to home health use were not examined in this study; however, we hypothesize that caring for a patient who is not aware of their symptoms brings unique challenges and may lead caregivers to opt to utilize the Medicare home health benefit more readily, either as a function of increased burden, or as a means of keeping the patient safe. Indeed, disordered awareness of disease symptoms has been linked to increased caregiver burden, 11, 35 which has also been associated with increased caregiver health care use and caregiver health outcomes such as depression. 36 Some proportion of this burden is likely to be attributable to impairments in patient decision making that accompany disordered awareness of one's memory deficits. For example, patients who are unaware may be less willing or able to manage their health care needs, such as attending appointments and accessing clinical services. As a result, caregivers may need to rely more heavily on home health aide services. In addition, patients with reduced awareness are more likely to engage in dangerous behaviors 37 and are less likely to modify their approach to a range of cognitively demanding activities that may have negative functional outcomes, such as driving or cooking. 9, 38 Moreover, associations have been shown between disordered awareness and reduced decisionmaking capacity regarding taking a hypothetical medication for memory loss, 6 and managing medication. 7 From a clinical perspective, current findings suggest that awareness of cognitive deficits should always be assessed carefully, and addressed explicitly with caregivers. Caregivers should be educated on disordered awareness as a distinct symptom of dementia, separate from other cognitive impairments, and should be counseled in how to cope both emotionally and strategically. Caregivers might be better able to tackle the consequences of unawareness if they can be understood as outside of the patient's control. Future research should examine if early educational trainings and/or early implementation of home health services directly improves not only patient outcomes such as safety, but caregiver outcomes such as burden in the context of disordered awareness.
Finally, we also examined other correlates of home health use apart from awareness. As may have been expected, these included older age, worse global cognition, and greater burden of medical comorbidities. Interestingly, having a diagnosis of DLB was also associated with home health use. This association may reflect the fact that DLB is characterized by motor and psychiatric features, in addition to cognitive changes, that may increase functional impairments and thus need for additional care. 39 Lastly, having a child as a caregiver, as opposed to a spouse or a friend, was also associated with increased home health use. These results are broadly consistent with the previously reported finding that self-reported use of caregiving services is associated with the patient not living with the spouse. 16 Younger caregivers may have competing priorities such as raising children and working, and may not have the time to commit to caregiving to the extent that they feel is appropriate. It is also possible that children of participants experience increased burden given these competing responsibilities. In fact, caregiver age has been inversely correlated with both guilt and clinically characterized caregiver burden. 40 Understanding which type of caregivers are most likely to require home health assistance has implications for caregiver education and models of service utilization.
This study has several limitations. Future investigation of this topic would benefit from a more detailed awareness diagnostic, as our measurement was not a standardized measure of awareness. However, using informant's reports as a "gold standard" is a common way of measuring awareness, and this is also supported by our results (eg, informant reports were associated with patients' actual memory performance). Also of interest would be the relationship between awareness and informal caregiving or private-paid home health services, to expand beyond this study's focus on the Medicare home health benefit. Additionally, in a larger dataset, it would be very interesting to further investigate the awareness metric by testing for differences in predictive power at each level of awareness. However, given our sample size, this question would have to be resolved through future studies. Although this study provides an objective measure of use among Medicare recipients, obtaining the benefit requires that patients meet the eligibility criteria, raising the bar to entry. In addition, many dementia caregivers underutilize care resources, such as Medicare, because of not knowing of their availability or how to access them. 41 Finally, our participants were drawn from tertiary care university hospitals and specialized AD clinics, rather than a community-based sample. Our sample thus tended to be predominantly white and highly educated. The study should be replicated in participants of other ethnicities or with lower education, as our ability to generalize the findings is limited.
Nonetheless, this study has important strengths, most notably the integration of real world Medicare usage with carefully clinically characterized individuals. Synthesis of these distinct data sets enables examination of complex phenotypes that are not otherwise available through Medicare data files. We conclude from the current analyses that participants who present with disordered awareness of disease symptoms in dementia are more likely to require, or at least use, the Medicare home health benefit. This increased used is likely to reflect the psychological and practical effects of caring for an individual with dementia who is unaware of their cognitive limitations. Such individuals are more likely to attempt to engage in cognitively demanding activities which are beyond their cognitive capacity, thus threatening their safety, placing stress on the caregiver, and likely increasing patient frustration. Taken together, these experiences can drive the need for home health assistance even at a relatively mild stage of disease. Our results suggest that the reduced awareness of symptoms is of particular importance in determining the needs of patients and caregivers, and awareness is an important variable to consider in models of service utilization. Future work should more directly examine the interplay between patient awareness, patient decision making,
